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A B S T R A C T

Purpose
Survivors of Hodgkin’s lymphoma (HL) who received mediastinal irradiation have an increased risk
of coronary heart disease. We evaluated the cost effectiveness of lipid screening in survivors of
HL and compared different screening intervals.

Methods
We developed a decision-analytic model to evaluate lipid screening in a hypothetical cohort of
30-year-old survivors of HL who survived 5 years after mediastinal irradiation. We compared the
following strategies: no screening, and screening at 1-, 3-, 5-, or 7-year intervals. Screen-positive
patients were treated with statins. Markov models were used to calculate life expectancy,
quality-adjusted life expectancy, and lifetime costs. Baseline probabilities, transition probabilities,
and utilities were derived from published studies and US population data. Costs were estimated
from Medicare fee schedules and the medical literature. Sensitivity analyses were performed.

Results
Using an incremental cost-effectiveness ratio (ICER) threshold of $100,000 per quality-adjusted
life-year (QALY) saved, lipid screening at every interval was cost effective relative to a strategy of
no screening. When comparing screening intervals, a 3-year interval was cost effective relative to
a 5-year interval, but annual screening, relative to screening every 3 years, had an ICER of
more than $100,000/QALY saved. Factors with the most influence on the results included risk
of cardiac events/death after HL, efficacy of statins in reducing cardiac events/death, and costs
of statins.

Conclusion
Lipid screening in survivors of HL, with statin therapy for screen-positive patients, improves
survival and is cost effective. A screening interval of 3 years seems reasonable in the long-term
follow-up of survivors of HL.

J Clin Oncol 27:5383-5389. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Modern treatment techniques have improved the
long-term survival of patients with Hodgkin’s lym-
phoma (HL). More than 75% of patients achieve
long-term freedom from relapse, and early-stage pa-
tients have cure rates exceeding 90%.1-4 Although
the risk of death from HL decreases over time, sur-
vivors continue to be at increased risk of mortality
from late effects of treatment and other causes.4-9

Consequently, survivorship issues have become in-
creasingly important, and there is a growing need for
more data on the appropriate screening strategies
for late effects in these patients.7

Cardiovascular disease is the second leading
cause of death in survivors of HL who received
mediastinal irradiation, after second malignan-
cies, and survivors have an increased risk of car-

diac morbidity and death compared with the general
population.4,8-15 Prior studies of patients with HL
suggest that traditional cardiac risk factors further
contribute to treatment-related cardiovascular dis-
ease.13,16,17 Therefore, a rational strategy to reduce
risk of cardiac disease in long-term HL survivors is
to screen for treatable risk factors, one example be-
ing hyperlipidemia. Large randomized studies in
the cardiac literature, including the West of Scot-
land Coronary Prevention Study and the Air
Force/Texas Coronary Atherosclerosis Prevention
Study (AFCAPS/TexCAPS) trial, have demon-
strated a survival benefit in patients with hyperlipid-
emia who are treated with statins for primary
prevention of coronary heart disease (CHD).18,19

Guidelines are available on lipid screening in HL
survivors, although recommendations on the fre-
quency of screening are variable. The American
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College of Radiology recommends periodic lipid screening of survi-
vors of HL,20 the National Comprehensive Cancer Network recom-
mends annual lipid screening,21 and the Childhood Oncology Group
recently changed its recommendation from lipid screening every 3 to 5
years to every 2 years.22 Moreover, these guidelines were established
based on consensus of expert opinion, rather than existing evidence.
The effectiveness and cost effectiveness of screening in these patients,
as well as the optimal screening interval, are currently unknown. We
have developed a decision-analytic model to assess the effectiveness
and cost effectiveness of lipid screening and to determine an appro-
priate screening interval for survivors of HL who have received medi-
astinal irradiation.

METHODS

Model Structure

We constructed a Markov decision-analytic model to evaluate lipid
screening strategies in survivors of HL who received mediastinal irradiation.
We evaluated a hypothetical cohort of 30-year-old patients who survived 5
years after HL treatment. A Markov state-transition model was used to esti-
mate life expectancy and quality-adjusted life expectancy (QALE).23 QALE
was calculated by multiplying time spent by patients in each health state by the
corresponding health-related quality-of-life weights or utilities.24

Survivors of HL could transition between various health states including
no hyperlipidemia, undetected/untreated hyperlipidemia, treated hyperlipid-
emia, postcardiac event, and death. Annual transition probabilities were de-
pendent on age, sex, time interval since initial treatment, and lipid status. In
each cycle, patients were at risk of dying from HL, second malignancies,
cardiac disease, or other causes. The model was run in 1-year cycles until the
entire cohort had died. Expected costs were incurred as patients transitioned
between health states and events during their life span. Separate analyses were
performed for women and men as a result of differing risks for cardiac disease,
hypercholesterolemia, and death. Figure 1 shows a state diagram representing
our model’s structure.

We evaluated the following lipid screening strategies: no screening, an-
nual screening, screening every 3 years, screening every 5 years, and screening
every 7 years. If a survivor was found to have hyperlipidemia, then treatment
with statins was initiated. Screening was discontinued after age 65 years as a

result of low rates of developing new hyperlipidemia in this age group. How-
ever, older patients already on statins for hyperlipidemia continued on st-
atins.25 The incremental cost-effectiveness ratio (ICER) for each strategy was
calculated by dividing the incremental cost by the incremental effectiveness,
measured in life-years and quality-adjusted life-years (QALY). In our model,
each incremental cost-effectiveness value represents a comparison with the
next least frequent screening interval. ICER and costs were rounded to the
nearest $100.

Analyses were performed from a modified societal perspective and in-
cluded medical costs from screening and treatment, as well as downstream
costs. Costs and benefits were discounted at an annual rate of 3%, as recom-
mended by the Panel on Cost-Effectiveness in Health and Medicine.26 Tree-
Age Pro Suite 2008 (TreeAge Software, Williamstown, MA) was used to design
the model and perform analyses.

Key Assumptions

We assumed that survivors of HL did not have pre-existing clinical CHD
and that the incidence of hyperlipidemia in survivors of HL was similar to that
for the age- and sex-matched US population. This is consistent with survey
results from survivors of HL and siblings from our institution.27 In the baseline
analysis, we assumed that survivors of HL who screened positive for hyperlip-
idemia had the same compliance rates and relative risk reduction in CHD from
statins as observed in randomized trials of patients without HL.18,19 Further-
more, we assumed that, after a coronary event, survivors of HL had the same
risk of coronary death as patients without HL and that costs of follow-up and
treatment after a cardiac event would be similar. This is consistent with the
observation that the magnitudes of the increased risk of CHD and the in-
creased risk of cardiac death in survivors of HL seem to be similar in pub-
lished data.4,28

Baseline Estimates

Baseline estimates for the age- and sex-matched probability of dying
from cardiac and noncardiac disease were estimated from the 2000 US Life
Tables29 and adjusted to reflect the increased relative risk of cardiac death in
survivors of HL. We used a baseline relative risk for cardiac mortality of 3.2, as
reported by Ng et al.4 Although estimates have varied, this is within the range of
most other studies.8-11,14 We also accounted for the increased risk of death
from HL and second malignancy.4

The annual incidence of developing hyperlipidemia was derived by cali-
brating our model to approximate observed age- and sex-matched prevalence
data calculated from the 1999 to 2002 National Health and Nutrition Exami-
nation Survey, based on either a measured total cholesterol greater than 240
mg/dL or the current use of medication for hyperlipidemia.30 The age- and
sex-adjusted annual probability of having a cardiac event was estimated using
data from the Framingham Heart Study and was adjusted to account for
relative risk of having a cardiac event with elevated versus unelevated choles-
terol levels.31 We used the Framingham definition of a hard CHD event, which
included myocardial infarction, coronary insufficiency, and CHD death. We
then accounted for the increased risk of CHD in survivors of HL. Age-adjusted
risk of death over time after a cardiac event was derived from the Worcester
postcardiac long-term survival data.32

Utility values after a cardiac event were derived from time trade-off
scores from the Beaver Dam Outcomes Study. There was no observed utility
decrement from hyperlipidemia alone.33 We also did not assume a utility
decrement from statin therapy for hyperlipidemia in our baseline analysis.
However, to account for potential adverse effects from the treatment, disutility
associated with statin use was tested in the sensitivity analysis. A utility value of
1.00 was used to represent a survivor of HL in good health without car-
diac disease.

Costs

Costs were derived from the 2006 Medicare fee schedules,34 the Red
Book pharmacy reference,35 and the medical literature and were converted
to 2006 US dollars based on the medical care component of the Consumer
Price Index.36 Costs of screening included a lipid panel, which we assumed
could be incorporated into a routine HL follow-up or primary care visit.
Patients who were screen positive received statin therapy. We used the average

Statins

HD survivor
high lipids Death

Cardiac
event

HD survivor
normal lipids

Postcardiac

Fig 1. State diagram – model structure. Survivor of Hodgkin’s disease (HD) high
lipid state can be undetected or detected and treated with statins. Postcardiac
state consists of multiple states depending on age at time of event.
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wholesale price for atorvastatin, the most commonly prescribed statin, in our
baseline estimate, but costs of alternative statins, including pravastatin and
simvastatin, now available in generic formulation, were considered in the
sensitivity analysis.35 In the first year, patients on statins received two liver
function tests, as recommended in the atorvastatin package insert,37 and an
additional office visit. In subsequent years, they received one liver function test
and one lipid panel, which were incorporated into a regular follow-up visit.
They were treated from the time of diagnosis until death.

We used published costs of nonfatal and fatal cardiac events in the first
year, as well as subsequent annual costs, as estimated by Russell et al.38 Esti-
mates from multiple other studies fell within the range specified by our sensi-
tivity analysis.39-42

Sensitivity Analyses

Sensitivity analyses were performed to evaluate the stability of our model
to uncertainties in the estimates of key variables. We varied the estimates for
costs and probabilities within ranges reported in the literature, or from 50% to
200% of the baseline values. We varied patient utility with hyperlipidemia

from 0.99 to 1.00. The annual discount rate was varied from 0% to 5%. Table
1 lists the baseline estimates used in our model.

RESULTS

Baseline Analysis

Our analysis showed that men and women who survived at
least 5 years after HL lived, on average, to ages 64.4 and 75.7 years,
respectively. Furthermore, HL survivors screened for hyperlipid-
emia had a longer life expectancy than unscreened survivors. For
example, the life expectancy for a patient screened every 3 years was
3.8 months longer for men and 8.7 months longer for women
compared with a strategy of no screening. QALE was also greater
for screened versus unscreened survivors. The lifetime costs, life

Table 1. Baseline Estimates

Variable Baseline Estimate Reference

Risk of cardiac events and mortality in survivors of HL
RR of cardiac event or cardiac death after HL 3.20 Ng et al4

Probability of death after MI if age � 55 years–initial, %� 3.5 Goldberg et al32

Probability of death after MI if age � 55 years and
survived initial event–year 1, %� 4.0 Goldberg et al32

Risk of second malignancy and HL death, %�

Annual probability of death from HL–year 5 after HL 0.5 Ng et al4

Annual probability of death from second malignancy–
year 5 after HL 0.4 Ng et al4

Risk of developing hyperlipidemia, %�

Prevalence at age 30 years–men 10.0 National Center for Health Statistics30†
Annual probability of developing hyperlipidemia at age 30

years–men 1.4 National Center for Health Statistics30†
Prevalence at age 30 years–women 9.0 National Center for Health Statistics30†
Annual probability of developing hyperlipidemia at age 30

years–women 0.6 National Center for Health Statistics30†
Risk of cardiac events and death with treated and

untreated hyperlipidemia
RR of cardiac event without hyperlipidemia (normal or

borderline) 1 Wilson et al31‡
RR of cardiac event with hyperlipidemia–men 1.64 Wilson et al31‡
RR of cardiac event with hyperlipidemia–women 1.38 Wilson et al31‡
RR of cardiac events and death with treated v untreated

hyperlipidemia 0.69 Downs et al18; Shepherd et al19

Costs, adjusted to 2006 $
Lipid panel 26 US Department of Health and Human Services34

Statin–annual 944 2007 Red Book35

Atorvastatin 944
Pravastatin (generic) 336

Liver function test 11 US Department of Health and Human Services34

Level 2 office visit 93 US Department of Health and Human Services34

Nonfatal MI–year 1 23,694 Russell et al38

Fatal MI–year 1 26,731 Russell et al38

Post-MI–annual cost after year 1 1,602 Russell et al38

Quality of life weights (utilities)
Good health 1.00
Hyperlipidemia on statins 1.00 Fryback et al33‡
Post-MI 0.84 Fryback et al33‡

Discount rate–annual, % 3 Weinstein et al26

Abbreviations: HL, Hodgkin’s lymphoma; RR, relative risk; MI, myocardial infarction.
�Estimated as a function of age and/or time after event. The table shows the baseline estimate for the first cycle (year).
†Calculated directly from data.
‡Adapted from study data.
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expectancy, and QALE for no screening, as well as each screening
interval, are listed in Table 2.

Using a threshold of $100,000 per QALY saved, we found that
lipid screening, at any of the tested intervals, was cost effective com-
pared with a strategy of no screening, ranging from $22,700 per QALY
saved for 7-year screening to $26,700 for annual screening compared
with no screening. To compare different screening intervals to each
other, the cost per QALY saved for each screening interval was com-
pared with the next least frequent interval to calculate an ICER. Ac-
counting for costs incurred by screening, treatment, monitoring for
treatment-related complications, and cardiac disease, as well as dis-
counting over time, we found that the ICER increased with succes-
sively shorter screening intervals. For example, screening annually cost
$125,500 per QALY saved compared with a 3-year screening interval
in men. However, screening every 5 years cost only an additional
$31,700 per QALY saved compared with a 7-year interval. Using a
threshold of $100,000 per QALY saved, lipid screening every 3 years
seems cost effective compared with screening every 5 years, but screen-
ing annually would no longer be cost effective compared with screen-
ing every 3 years. These results apply to both men and women,
although the ICER was generally higher in women than in men. Full
results are listed in Table 2.

Sensitivity Analysis

Lipid screening at any of the tested intervals, compared with a
strategy of no screening, was cost effective at a threshold of $100,000
per QALY saved within the range of all variables tested on sensitivity
analysis. As an example, Figure 2 shows the relative sensitivity of our
model to key variables for screening every 3 years compared with no
screening in male survivors of HL. However, appropriate screening
interval was sensitive to several variables in our model, listed in Table

3, for men. Results for women were similar, although lipid screening
was somewhat less cost effective overall (data not shown).

Appropriate screening interval was sensitive to the effectiveness,
disutility, and costs associated with statin therapy. With decreasing
effectiveness of statins, longer screening intervals were appropriate,
whereas shorter screening intervals became more appropriate with
increasing effectiveness. Differences in compliance rates in survivors
of HL, compared with statin trial participants, might also alter the
observed effectiveness of statins. Because statins are generally well
tolerated, we did not assume a decrement in utility from treatment for
our baseline analysis. However, our sensitivity analysis showed that it
became less cost effective to screen at shorter intervals if patients
experienced disutility from taking statins. Furthermore, the ICER of
different screening intervals was sensitive to the cost of statin therapy.
For example, when we used the cost of the most commonly prescribed
statin, atorvastatin, and an ICER threshold of $100,000 per QALY
saved in our baseline analysis, the most appropriate screening interval
was every 3 years. However, when we used the cost of pravastatin or
simvastatin, available in generic formulation, it became marginally
cost effective to screen annually in men, with an ICER of $97,000,
although for women, every 3 years was still more appropriate.

Appropriate screening interval was also sensitive to the relative
risk of developing CHD after treatment for HL. Studies of survivors of
HL have varied in their estimates of risk of cardiac death after medi-
astinal radiation, so we performed sensitivity analyses over a broad
range, from a relative risk of cardiac death of 1.6 to 6.4 in survivors of
HL compared with the general population. We found that the appro-
priate screening interval ranged from annually (for relative risk of 6.4)
to every 5 years (for relative risk of 1.6) in both men and women.

The optimal screening interval was also sensitive to the discount
rate used in the model. We used the recommended baseline discount

Table 2. Baseline Analysis for Lipid Screening Compared With No Screening

Outcome No Screening

Screening (interval between tests)

7 Years 5 Years 3 Years 1 Year

Men
Without discounting

Life expectancy, months 412.35 (34.36)� 416.02 416.14 416.19 416.27
QALE, months 399.04 (33.25) 403.61 403.77 403.84 403.94
Costs, 2006 $† 26,300 31,600 31,900 32,100 32,700

With discounting‡
QALE, months 235.15 (19.60) 236.74 236.81 236.84 236.89
Costs, 2006 $† 11,100 14,100 14,300 14,500 14,800
Incremental cost-effectiveness ratio, $/QALY†§ 22,700 31,700 78,200 125,500

Women
Without discounting

Life expectancy, months 548.44 (45.70) 556.88 557.05 557.16 557.29
QALE, months 545.09 (45.42) 553.92 554.11 554.23 554.37
Costs, 2006 $† 19,400 30,700 31,100 31,500 32,300

With discounting‡
QALE, months 292.03 (24.34) 294.20 294.26 294.30 294.34
Costs, 2006 $† 5500 10,400 10,600 10,900 11,600
Incremental cost-effectiveness ratio, $/QALY†§ 27,000 42,800 97,900 165,400

Abbreviations: QALE, quality-adjusted life expectancy; QALY, quality-adjusted life-year.
�Years are shown in parentheses.
†Rounded to nearest $100.
‡Adjusted for 3% annual discount rate.
§Comparisons done relative to next most frequent screening interval.
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rate of 3% per year,26 but if costs and benefits were not discounted over
time, then shorter screening intervals became more cost effective.

Our model was relatively insensitive to costs associated with
myocardial infarction, subsequent costs in the years after a cardiac
event, and costs associated with screening tests and office visits. It was
also relatively insensitive to annual risk of developing hyperlipidemia.

DISCUSSION

Multiple retrospective studies have confirmed that survivors of HL
treated with mediastinal irradiation are at increased risk of cardiac
morbidity and death,3-7,9,10,13,16,17,28 and there has been a growing
recognition that these patients may benefit from screening and risk
reduction interventions.4,7-11,14 One potential strategy is lipid screen-
ing, a low-cost, widely available intervention that can be performed by
oncology specialists and primary care physicians. Statins have been
shown in randomized trials to reduce cardiac events and mortality in
patients with hyperlipidemia. Prior studies analyzing the cost effec-
tiveness of statin therapy for primary prevention of cardiac disease
in patients with hyperlipidemia have given varied results, depend-
ing on underlying risk factors,43,44 and have not typically addressed
the question of appropriate screening interval. With limited data
on appropriate lipid screening strategies, expert groups in North
America have given a range of screening recommendations for the
general population.45-49 For survivors of HL, the available recommen-
dations are also variable and are consensus based rather than evi-
dence based.20-22

In our decision-analytic model, using available data from the
literature, we found that lipid screening in survivors of HL, beginning
5 years after treatment, improved survival. Furthermore, lipid screen-
ing was a cost-effective intervention compared with no screening. This
finding was robust within a wide range of sensitivity analyses. Other
studies of cost effectiveness of medical interventions in the United
States have frequently used a threshold of $100,000 per QALY saved,

although the appropriate threshold to be used depends on societal
judgments and available resources, and our results should be inter-
preted in this light.

With respect to screening interval, we found that an interval of
every 3 years was most appropriate when using our baseline esti-
mates and a threshold of $100,000 per QALY saved. However, on
sensitivity analysis, we found that the appropriate screening inter-
val was sensitive to several variables in our model, including cost of
statins, relative risk of cardiac disease in survivors of HL, and
effectiveness of statins. Although we used the cost of the most
commonly prescribed statin in our model, patients are increasingly
being switched to generic alternatives. If we used the cost of generic
statins in our model, then a screening interval of every year became
appropriate in men, but a screening interval of every 3 years was still
supported for women.

Limitations of our model include the assumptions regarding risk
of cardiac events, hyperlipidemia, and survival in survivors of HL. We
assumed that survivors of HL develop hyperlipidemia at a similar rate
as the general population, respond similarly to statins, and have a
similar risk of death after cardiac events. However, there are no clear
reasons or data to suggest otherwise. We used a conservative total
cholesterol threshold to screen for hyperlipidemia. However, low-
density lipoprotein, high-density lipoprotein, and concomitant risk
factors are also important in determining the appropriate treatment
threshold and target cholesterol for individuals.49 A lower threshold
would find more patients with hyperlipidemia, although the ICER of
treating these patients would likely be lower. Our model also does not
address heterogeneity in other underlying cardiac risk factors among
survivors, and these risk factors may further contribute to risk of
cardiac complications after HL therapy.13,16,28 Finally, HL treatment
has evolved over time, and our results may not apply to patients
currently receiving therapy. Estimates of long-term risk of cardiac
disease after HL treatment are based mainly on patients treated from
the 1970s to 1990s who received radiation to larger fields and higher

0 10,000 20,000 30,000 40,000 50,000 60,000

Quality of life weight on statin (utility)
1 to 0.99 (1)

Discount rate (%)
0 to 5 (3)  

Annual cost of 
statin (2006 dollars)
336 to 1,167 (944)

Cost of MI, fatal (2006 dollars)
53,463 to 13,366 (26,761)

RR cardiac event, 
treated v untreated hyperlipidemia
0.38 to 0.85 (0.69)

Annual risk of developing hyperlipidemia
2 to 0.5 times baseline (age-adjusted)

RR cardiac event/death after HD
6.4 to 1.6 (3.2)

Dollars per Quality-Adjusted Life-Years for Screening 
Men Every 3 Years v No Screening

Fig 2. Sensitivity to key variables for screen-
ing every 3 years, compared with no screen-
ing, in men. NOTE. Sensitivity analysis done
within the range listed. Baseline estimates in
parentheses. RR, relative risk; HD, Hodgkin’s
disease; MI, myocardial infarction.
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doses than are currently used. Typical radiation doses were approxi-
mately 36 Gy to the mediastinum, and most patients received
extended-field radiation, which often included mantle and para-aortic
or total nodal irradiation fields. If chemotherapy was administered,
involved-field radiation was more commonly used. Patients treated in
the modern era may have lower risk of cardiac disease, making lipid
screening less cost effective. However, increasing data are available on
the cardiotoxicity of doxorubicin-based chemotherapy in patients
with HL,10,50,51 and the cardiac risks associated with doxorubicin in
combination with less extensive radiation still need to be elucidated.
The sensitivity analysis considers the potential impact of changes in
cardiac risk that could occur from changes in treatment practice, but
this was not explicitly modeled because of limited long-term risk data
for these patients. Therefore, our model applies primarily to the ma-
jority of survivors of HL who have already received treatment with
larger radiation fields for whom providers must make recommenda-
tions and in whom screening guidelines are currently needed.

As cancer treatment continues to improve, greater attention will
need to be devoted to the late effects of treatment and long-term
follow-up of survivors. Our study suggests that lipid screening is likely
to reduce cardiac deaths and to be cost effective compared with other
medical interventions. Furthermore, our results indicate that a screen-

ing interval of every 3 years is reasonable for the average patient with
HL. However, appropriate screening interval for individual patients
should also consider other costs, cardiovascular risk factors, and treat-
ment history, with more frequent screening considered for survivors
felt to be at higher risk.
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Table 3. Sensitivity Analyses on Key Estimates for Different Screening Intervals in Men

Variable Baseline Estimate Variable Range Tested

ICER ($/QALY)

1 v 3 Years 3 v 5 Years 5 v 7 Years 7 Years v No Screening

Risk of cardiac events and mortality in
survivors of HL

RR of cardiac event or cardiac death
after HL 3.20 1.60 293,500 180,400 73,200 41,700

6.40 80,800 51,200 20,900 17,600
Risk of developing hyperlipidemia�

Annual probability of developing
hyperlipidemia at age 30 years 1.4% 0.70% 210,700 101,700 36,200 24,900

2.80% 84,700 68,700 30,600 21,200
Risk of cardiac events and death with

treated and untreated
hyperlipidemia

RR of cardiac event with
hyperlipidemia 1.64 1.32 120,500 84,800 36,400 25,500

2.28 78,900 55,900 23,600 19,300
RR of cardiac events and death with

treated v untreated hyperlipidemia 0.69 0.38 53,900 32,400 12,200 7,700
0.85 266,700 168,300 70,000 52,100

Costs, adjusted to 2006 dollars
Statin–annual 944 336 97,000 41,000 12,100 5,900

1,167 135,900 91,800 39,000 28,800
Nonfatal MI–year 1 23,694 11,847 126,800 79,600 33,000 24,000

47,388 122,900 75,300 29,300 20,100
Fatal MI–year 1 26,731 13,366 125,500 78,200 31,900 22,800

53,463 125,300 78,100 31,500 22,400
Post-MI–annual cost after year 1 1,602 801 126,900 79,800 33,100 23,900

3,205 122,600 75,000 29,100 20,300
Quality of life weights (utilities)

Hyperlipidemia on statins 1 0.99 235,900 200,900 47,000 31,300
Post-MI 0.85 0.70 99,600 60,700 25,700 18,700

0.93 148,000 94,000 36,900 26,100
Discount rate–annual 3% 0% 61,900 43,600 19,000 13,900

5% 192,500 112,100 43,800 31,800

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; HL, Hodgkin’s lymphoma; RR, relative risk; MI, myocardial infarction.
�Estimated as a function of age. The table shows the baseline estimate and range tested for the first cycle (year).

Chen et al

5388 © 2009 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



REFERENCES

1. Kennedy BJ, Fremgen AM, Menck HR: The
National Cancer Data Base report on Hodgkin’s
disease for 1985-1989 and 1990-1994. Cancer 83:
1041-1047, 1998

2. Oza AM, Ganesan TS, Leahy M, et al: Patterns
of survival in patients with Hodgkin’s disease: Long
follow up in a single centre. Ann Oncol 4:385-392,
1993

3. Henry-Amar M, Somers R: Survival outcome
after Hodgkin’s disease: A report from the interna-
tional data base on Hodgkin’s disease. Semin Oncol
17:758-768, 1990

4. Ng AK, Bernardo MP, Weller E, et al: Long-term
survival and competing causes of death in patients
with early-stage Hodgkin’s disease treated at age 50
or younger. J Clin Oncol 20:2101-2108, 2002

5. Hudson MM, Poquette CA, Lee J, et al:
Increased mortality after successful treatment for
Hodgkin’s disease. J Clin Oncol 16:3592-3600, 1998

6. Hancock SL, Hoppe RT: Long-term complications
of treatment and causes of mortality after Hodgkin’s
disease. Semin Radiat Oncol 6:225-242, 1996

7. Carver JR, Shapiro CL, Ng A, et al: American
Society of Clinical Oncology clinical evidence review
on the ongoing care of adult cancer survivors: Car-
diac and pulmonary late effects. J Clin Oncol 25:
3991-4008, 2007

8. Hoppe RT: Hodgkin’s disease: Complications
of therapy and excess mortality. Ann Oncol 8:115-
118, 1997 (suppl 1)

9. Aleman BM, van den Belt-Dusebout AW,
Klokman WJ, et al: Long-term cause-specific mor-
tality of patients treated for Hodgkin’s disease.
J Clin Oncol 21:3431-3439, 2003

10. Swerdlow AJ, Higgins CD, Smith P, et al:
Myocardial infarction mortality risk after treatment
for Hodgkin disease: A collaborative British cohort
study. J Natl Cancer Inst 99:206-214, 2007

11. Hancock SL, Tucker MA, Hoppe RT: Factors
affecting late mortality from heart disease after
treatment of Hodgkin’s disease. JAMA 270:1949-
1955, 1993

12. Adams MJ, Lipsitz SR, Colan SD, et al: Cardio-
vascular status in long-term survivors of Hodgkin’s
disease treated with chest radiotherapy. J Clin Oncol
22:3139-3148, 2004

13. Hull MC, Morris CG, Pepine CJ, et al: Valvular
dysfunction and carotid, subclavian, and coronary
artery disease in survivors of Hodgkin lymphoma
treated with radiation therapy. JAMA 290:2831-
2837, 2003

14. Lee CK, Aeppli D, Nierengarten ME: The need
for long-term surveillance for patients treated with
curative radiotherapy for Hodgkin’s disease: Univer-
sity of Minnesota experience. Int J Radiat Oncol Biol
Phys 48:169-179, 2000

15. Mauch P, Ng A, Aleman B, et al: Report from
the Rockefeller Foundation Sponsored International
Workshop on Reducing Mortality and Improving
Quality of Life in Long-Term Survivors of Hodgkin’s
Disease: July 9-16, 2003, Bellagio, Italy. Eur J
Haematol 75:68-76, 2005 (suppl)

16. Glanzmann C, Kaufmann P, Jenni R, et
al: Cardiac risk after mediastinal irradiation for
Hodgkin’s disease. Radiother Oncol 46:51-62, 1998

17. Glanzmann C, Huguenin P, Lutolf UM, et al:
Cardiac lesions after mediastinal irradiation for
Hodgkin’s disease. Radiother Oncol 30:43-54, 1994

18. Downs JR, Clearfield M, Weis S, et al: Primary
prevention of acute coronary events with lovastatin
in men and women with average cholesterol levels:
Results of AFCAPS/TexCAPS—Air Force/Texas Cor-
onary Atherosclerosis Prevention Study. JAMA 279:
1615-1622, 1998

19. Shepherd J, Cobbe SM, Ford I, et al: Preven-
tion of coronary heart disease with pravastatin in
men with hypercholesterolemia: West of Scotland
Coronary Prevention Study Group. N Engl J Med
333:1301-1307, 1995

20. Expert Panel on Radiation Oncology-Hodgkin’s
Working Group: Follow-up of Hodgkin’s disease. ACR
appropriatenesscriteria.http://www.acr.org/Secondary
MainMenuCategories/quality_safety/app_criteria/pdf/
ExpertPanelonRadiationOncologyHodgkinsWorkGroup/
FollowUpofHodgkinsDiseaseDoc2.aspx

21. National Comprehensive Cancer Network: Na-
tional Comprehensive Cancer Network guidelines:
Hodgkin disease/lymphoma, 2009. http://www.nccn
.org/professionals/physician_gls/f_guidelines.asp

22. Children’s Oncology Group: Long-term
follow-up guidelines for survivors of childhood, adoles-
cent, and young adult cancers, 2008. http://www
.guidelines.gov/summary/summary.aspx?ss�15&doc_
id�10772&nbr�5600

23. Sonnenberg FA, Beck JR: Markov models in
medical decision making: A practical guide. Med
Decis Making 13:322-338, 1993

24. Torrance GW: Measurement of health state
utilities for economic appraisal. J Health Econ 5:1-
30, 1986

25. Shepherd J, Blauw GJ, Murphy MB, et al:
Pravastatin in elderly individuals at risk of vascular
disease (PROSPER): A randomised controlled trial.
Lancet 360:1623-1630, 2002

26. Weinstein MC, Siegel JE, Gold MR, et
al: Recommendations of the Panel on Cost-
effectiveness in Health and Medicine. JAMA 276:
1253-1258, 1996

27. Ng A, Diller L, Recklitis C, et al: A question-
naire study on long-term survivors of Hodgkin’s
disease (HD). Presented at the Rockefeller Founda-
tion Sponsored International Workshop on Reducing
Mortality and Improving Quality of Life in Long-Term
Survivors of Hodgkin’s Disease, Bellagio, Italy, July
9-16, 2003

28. Aleman BM, van den Belt-Dusebout AW, De
Bruin ML, et al: Late cardiotoxicity after treatment
for Hodgkin lymphoma. Blood 109:1878-1886, 2007

29. National Center for Health Statistics: US life tables.
http://www.cdc.gov/nchs/data/dvs/LCWK1_2000.pdf

30. National Center for Health Statistics: National
Health and Nutrition Examination Survey data. http://
www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm

31. Wilson PW, D’Agostino RB, Levy D, et al:
Prediction of coronary heart disease using risk factor
categories. Circulation 97:1837-1847, 1998

32. Goldberg RJ, McCormick D, Gurwitz JH, et
al: Age-related trends in short- and long-term
survival after acute myocardial infarction: A 20-
year population-based perspective (1975-1995). Am J
Cardiol 82:1311-1317, 1998

33. Fryback DG, Dasbach EJ, Klein R, et al: The
Beaver Dam Health Outcomes Study: Initial catalog
of health-state quality factors. Med Decis Making
13:89-102, 1993

34. US Department of Health and Human Ser-
vices: Centers for Medicare and Medicaid Services
fee schedules, 2006. http://www.cms.hhs.gov/Fee
ScheduleGenInfo/

35. 2007 Red Book. Montvale, NJ, Thomson
Healthcare, 2007

36. US Department of Labor, Bureau of Labor
Statistics: Consumer price index: Medical care com-
ponent. http://data.bls.gov/cgi-bin/surveymost?cu

37. Parke-Davis: Lipitor (package insert). Morris
Plains, NJ, Parke-Davis, 2002

38. Russell MW, Huse DM, Drowns S, et al:
Direct medical costs of coronary artery disease in
the United States. Am J Cardiol 81:1110-1115, 1998

39. Etemad LR, McCollam PL: Total first-year
costs of acute coronary syndrome in a managed
care setting. J Manag Care Pharm 11:300-306, 2005

40. Smith TL, Melfi CA, Kesterson JA, et al: Direct
medical charges associated with myocardial infarc-
tion in patients with and without diabetes. Med Care
37:AS4-AS11, 1999 (suppl)

41. Bundorf MK, Schulman KA, Stafford JA, et al:
Impact of managed care on the treatment, costs,
and outcomes of fee-for-service Medicare patients
with acute myocardial infarction. Health Serv Res
39:131-152, 2004

42. Eisenstein EL, Shaw LK, Anstrom KJ, et al:
Assessing the clinical and economic burden of coro-
nary artery disease: 1986-1998. Med Care 39:824-835,
2001

43. Prosser LA, Stinnett AA, Goldman PA, et al:
Cost-effectiveness of cholesterol-lowering thera-
pies according to selected patient characteristics.
Ann Intern Med 132:769-779, 2000

44. Goldman L, Weinstein MC, Goldman PA, et al:
Cost-effectiveness of HMG-CoA reductase inhibi-
tion for primary and secondary prevention of coro-
nary heart disease. JAMA 265:1145-1151, 1991

45. Berg AO, Atkins D: U.S. Preventive Services
Task Force: Screening for lipid disorders in adults—
Recommendations and rationale. Am J Nurs 102:91,
93, 95, 2002

46. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults:
Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Ex-
pert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment
Panel III). JAMA 285:2486-2497, 2001

47. Genest J, Frohlich J, Fodor G, et al: Recom-
mendations for the management of dyslipidemia
and the prevention of cardiovascular disease: Sum-
mary of the 2003 update. CMAJ 169:921-924, 2003

48. American College of Physicians: Guidelines
for using serum cholesterol, high-density lipoprotein
cholesterol, and triglyceride levels as screening
tests for preventing coronary heart disease in adults:
Part 1. Ann Intern Med 124:515-517, 1996

49. Grundy SM, Cleeman JI, Merz CN, et al:
Implications of recent clinical trials for the National
Cholesterol Education Program Adult Treatment
Panel III guidelines. Circulation 110:227-239, 2004

50. Aviles A, Neri N, Nambo JM, et al: Late
cardiac toxicity secondary to treatment in Hodgkin’s
disease: A study comparing doxorubicin, epirubicin
and mitoxantrone in combined therapy. Leuk Lym-
phoma 46:1023-1028, 2005

51. Myrehaug S, Pintilie M, Tsang R, et al: Cardiac
morbidity following modern treatment for Hodgkin
lymphoma: Supra-additive cardiotoxicity of doxoru-
bicin and radiation therapy. Leuk Lymphoma 49:
1486-1493, 2008

■ ■ ■

Lipid Screening in Hodgkin’s Lymphoma Survivors

www.jco.org © 2009 by American Society of Clinical Oncology 5389


